A reliable communication system is essential for the operation of a remote hybrid power system. Such system is needed to interconnect the wind turbines, diesel generators, and the hydrogen energy storage with a centralized supervisory controller and data acquisition system. For the purpose of this research, we have considered the remote wind-diesel-hydrogen hybrid power system currently under development at Ramea, Newfoundland. Communication methods such as Wireless Ethernet, Fiber Optic, Power Line Carrier, and low RF transceivers are analysed in order to decide the most efficient and low cost approach to a reliable communication solution. This paper illustrates the advantages of using power lines as communication carriers in addition to a collective transmission agreement with a wireless backup link which should have none or minimum transmission instabilities during a severe weather condition. The research also presents a description of parameters being measured by the data acquisition system at Ramea's remote wind-diesel-hydrogen energy solution.
INTRODUCTION
Hybrid power systems combine many technologies to provide reliable power to rural communities, often by the use of local renewable energies. Located six (6) kilometres South-West of Newfoundland, Ramea is an island community with about 600 residents. Community has a 2.775MW diesel plant consisting of three 925kW diesel generators. Six 65kW wind turbines were added to the system in 2004. Their new power infrastructure (currently under development) combines wind, hydrogen, and diesel generators in order to provide cleaner energy to the community. The development of the hybrid power project has been undertaken by Nalcor Energy (http://www.nalcorenergy.com). New hybrid power system is expected to significantly reduce the current diesel dependence of this community by using renewable energy source [1] .
In recent years, Fiber Optic has become more appropriate for data communication, the use of optic light pulses through the fiber lines instead of electronic pulses makes it unaffected to electromagnetic interferences, and with proper thermoplastic overcoating insulation it can be suitable to transmit under extreme weather conditions [3] . Fiber optic networks can transmit data at high speed (up to several gigabytes). This communication technique is not suitable for remote hybrid power systems like Ramea due to the elevated costs of modems, couplers, cable installation and maintenance.
Emulating a Fiber Optic communication in a wireless environment could be another approach, Free Space Optical (FSO) technology can provide a 155Mbps full duplex connection [4] , but the FSO devices have to be carefully installed in specific locations as they need a "Line-of-sight alignment", and data transmission is very susceptible when exposed to poor weather conditions.. This option is also not suitable for Ramea since line of site transmission is not possible between wind turbines and diesel plant due to a hill in between.
Wireless Ethernet
Commercially available Wireless Ethernet modems that uses the IEEE 802.11g or 802.11n standard, work in the 2.4, 3.6 and 5 GHz frequency bands and a usual bit rate of 54Mbps (modems that uses IEEE802.11n standard can achieve up to 600Mbps), and its outdoor transmission varies from 100m-420m without compromising their bandwidth capabilities. These modems are discarded for this project due to their dependence on present weather conditions and their limited outdoor communication range.
Another possibility could be the use of Worldwide Interoperability for Microwave Access (WIMAX), a wireless telecommunication technology that uses the IEEE 802.16 standard, but the transmission is outside the unlicensed electromagnetic spectrum, and there has to be a contract involved with a WIMAX carrier.
Low RF transceivers
In extremely hazardous weather conditions like snow or hail storms (common in Ramea), wireless transmission's frequency band must decline below 1 GHz. Certain RF transceivers employ frequencies close to 900MHz, making them perfect to transmit in extremely bad weather conditions. Even though the bit rate is lower than the Wireless Ethernet modems, they are very appropriate for this project communication system as we could transmit data packages at low speed (57.6kbps) without affecting the DAS performance. This much data transfer rate is good enough for control of remote hybrid power system like Ramea.
The chosen transceiver is a LaridTech AC4790, it uses frequencies between 902-928 MHz, a serial interface, enhanced interference rejection, an enable co-located system operation, with increase output power and maintain data integrity [5] . One of the field tests determined that successful transmission can be achieved at a maximum distance of 2.01km under optimal weather conditions and no line of sight.
Power Line Carrier
Power Line Carrier (PLC) is a system which uses the same electric power transmission conductor to achieve a bidirectional data communication and saving resources without installing new dedicated cabling. In order to successfully transmit data without damaging microcontrollers or other low voltage devices, there has to be dedicated PLC modems connected to the microcontrollers, a coupling stage between the modems and high voltage carriers, and a final synchronization process with the high voltage signal. The purpose of this method is to have a bilateral communication between the DAS and the MPCS without modifying the power system infrastructure currently in place at Ramea.
By implementing PLC and low RF transceivers, we can achieve a reliable low cost communication system for control and data acquisition of Ramea hybrid power system.
COMMUNICATION SYSTEM
One of the purposes of this research is to complete a DAS-MPCS transmission through two different types of communication techniques, consequently PLC will be setup as primary and the wireless link will be the backup. Figure 1 shows the transmission algorithm that will follow the DAS. Data will be sent primarily through the PLC, and the MPCS will reply an acknowledgement signal which will finally close the DAS-MPCS communication loop. Failure to do so, the DAS will recognize this as a communication breakdown and will re-transmit the same information through the wireless link and wait for the MPCS to acknowledge the data. Whenever a new data package is ready for transmission, the DAS will send it again through the PLC and wait for the MPCS' reply. If the MPCS fails again, the DAS will try to close the communication loop through the wireless link. The microcontroller serial interface will be connected to a gate controlled TTL buffer (SN74ABT125) setup that will allow to the PIC to administrate the desired transmission link (see Figure 3) . While the AC4790 needs RS232 protocol (MAX232ACPE), the PLC modem (Netgear XE102) needs TCP/IP, so a Serial-to-Ethernet adaptor (XPORT 1001000-03) will be used to connect the buffer setup to the XE102. This will enhance the DAS-MPCS link with independent protocols for the two communication carriers. The AC4790 will receive the data through RS232, adjust the signal with a FHSS FSK modulation, and sends it to the receiver. On the other hand, the XPORT 100100-03 receives the data using the RS232 serial interface (CMOS Asynchronous, 5V Tolerant) [6] , and sends it through the network using the TCP/IP protocol to the XE102. Figure 3 shows the lab setup of above communication system, the DAS (center) sharing a serial transmission with the MAX232ACPE (left) and an Ethernet connection with the XE102 (right).
Preliminary lab tests with optimal weather conditions, no line of sight, and minimal variances to the power load, have shown that both connections are working as expected. According to the analysed power distribution system at Ramea, the WM15S Wind Turbines generate 480V which will then are converted to 4160V with a step-up transformer. The coupling stage described in Figure 4 is needed to allow a successful connection between the PLC modems and the 4.16kV power line. Note that the coupling is performed after the 480:4.16kV step-up transformer in order to avoid transmission instability. The DAS and the MPCS will use a High Frequency Amplifier (HFA) plus an Inductive Coupling Device (IDC) to ensure proper signal propagation; the High Pass Filter (HPF) will only be necessary while receiving data packages [7] . The combination between the HFA and the HPF guarantees the rejection of unwanted signals, allowing the PLC modem to receive only the ones above the filter's cutout frequency.
A high voltage pulse transformer was preliminary considered for the IDC to allow an interface between the low voltage devices and the 4.16kV power line, but lab tests have shown that a less expensive ferrite core with a AWG 32 wire can work as the IDC and induce the necessary signal for the coupling system to send/receive data through the PLC.
DATA ACQUISITION SYSTEM
The parameters that the DAS will receive from each wind turbine are: Scan rates in the above table indicates that the selected communication system bandwidth is good enough for the required data transmission, and to the only control system currently in place (enabling/disabling all wind turbines).
RESULTS AND FURTHER WORK
Laboratory tests have shown that the DAS can successfully communicate with an emulated MPCS in a terminal computer, wireless and PLC transmissions have no instability and a satisfactory synchronization; however, the coupling system designed for a 4.16kV power line is not complete. Nonetheless, a model for a 480V power line was effectively tested under optimal conditions and will be used as a template for the final 4.16kV couplers. Once the coupling system is complete and final calibrations are performed to the DAS and MPCS, the final product will be then sent to Ramea for field testing. Weather conditions and the town's power reliability at any given time of the day have to be considered in order to enhance the fault tolerance of the system. Further analysis and development will be included in this research as this solution has to be compatible with other remote power infrastructures. A transformer's bypass will be incorporated to the system in order to eliminate the transformer's constraint to the PLC.
CONCLUSIONS
Enhancing the established communication between the DAS and the MPCS will allow technicians to optimize wind turbine control and eliminate constant weather limitations as well as limiting onsite traveling to a minimum.
Combining PLC and low RF transceivers is an economically feasible approach to ensure a reliable transmission with no or minimal interruptions. A trustworthy remote communication opens the possibility for automated systems to become more independent and allows hybrid power systems to operate in all weather conditions.
The characteristic of adding a battery backup power source will not only allow the system to take advantage of semi-independent feature but will also work in conjunction with a renewable energy source, making it more efficient and reliable.
Measures like weather insulation, overheating protection, and power overloads must be taken into consideration to avoid environmental, structural and personal hazards, otherwise the system can become a mayor safety risk to the infrastructure.
